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(54) Silica crucible with inner layer crystallizer and method for its manufacturing 



(57) A silica glass crucible is disclosed comprising 
a barium-doped inner wall layer. The crucible is made 
by introducing into a rotating crucible mold bulk silica 
grain to form a bulky wall. After heating the interior of 
the mold to fuse the bulk silica grains, an inner silica 



grain, doped with barium, is introduced. The heat at 
least partially melts the inner silica grain, allowing it to 
fuse to the wall to form an inner layer. The inner layer of 
the crucible crystallizes when used in a CZ process, ex- 
tending the operating life of the crucible. 
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Description 

[0001] The present invention is related to the field of 
silica crucibles, and more specifically to a silica crucible 
having a multi-layer wall in which one or more of the wall 5 
layers are doped with barium. 

[0002] The Czochralski (CZ) process is well-known in 
the art for production of ingots of single crystalline sili- 
con, from which silicon wafers are made for use in the 
semiconductor industry. 10 
[0003] In a CZ process, metallic silicon is charged in 
a silica glass crucible housed within a susceptor. The 
charge is then heated by a heater surrounding the sus- 
ceptor to melt the charged silicon. A single silicon crystal 
is pulled from the silicon melt at or near the melting tern- f 5 
perature of silicon. 

[0004] A current trend in the semiconductor industry 
is toward large diameter wafers, e.g., 300-400 mm in 
diameter. As a result, the CZ process operating period 
must be concomitantly increased, sometimes to more 20 
than one hundred hours. Also, structural defects in the 
silicon crystal can be reduced by slowing down the pull- 
ing rate, which in turn prolongs the CZ run time and em- 
phasizes the need to improve the useful life of the cru- 
cible. 25 
[0005] At operating temperatures, the inner surface of 
a silica crucible frequently reacts with the silicon melt. 
In many cases, the inner surface of the crucible under- 
goes a change in morphology. The inner surface of a 
crucible is seen to roughen during prolonged operation 30 
in a CZ run. This roughening, and the phase transfor- 
mation underlying it, are addressed in greater detail be- 
low. 

[0006] This roughening can cause a loss of crystal 
structure of the pulled ingot. Inner surface roughening 35 
renders the crucible unfit for use in silicon ingot manu- 
facture. When a major portion of the inner surface of the 
crucible is covered by a rough surface, crystalline struc- 
ture is disrupted at the crystal-melt interface. Such a 
roughened crucible is unsuitable for ingot manufacture *o 
and silicon crystal pulling using a roughened crucible 
must be ceased to avoid manufacture of substandard 
ingots. 

[0007] Additionally, the inner surface of a silica glass 
crucible can partially dissolve into the silicon melt during 45 
the CZ process. Silicon and oxygen, the main compo- 
nents of a silica crucible, are not deleterious to the sili- 
con melt. However, impurities in the inner layer of the 
crucible can be transferred to the silicon melt during this 
process. The quality of the pulled single crystal may be 50 
ruined, depending on the extent of contamination and 
the nature of the contaminant. 

[0008] One such effort to control inner surface mor- 
phology is a crucible with barium-containing chemicals 
coated onto the inner surface. U.S. Patent Nos. 55 
5,976,247 and 5,980,629, both to Hansen et al., dis- 
close a crucible incorporating a devitrification promoter 
on the inner surface of the crucible. The devitrification 
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promoter is taught to prevent particulate generation at 
the silica-melt interface. The devitrified layer, created 
during a CZ run, is described in these references as a 
crystallized silica layer and is reported to dissolve uni- 
formly and maintain a smooth crucible inner surface. 
[0009] Barium carbonate (BaC0 3 ) is disclosed as a 
preferred coating material, although other alkaline-earth 
metal compounds are disclosed. Coating is done as a 
post-treatment of a finished crucible by applying a solu- 
tion of barium-containing chemicals. The coated cruci- 
ble is then dried using clean, hot air. 
[001 0] If the crystalline layer thickness exceeds a cer- 
tain level, the crucible is prone to cracks and possible 
leakage of the silicon melt. Despite careful optimization 
of the barium coating level, the crucible nevertheless oc- 
casionally experiences cracking toward the end of a CZ 
run. 

[0011] However, devitrification (i.e., crystallization) 
occurs in a shallow layer on the inner surface of the cru- 
cible. The silica glass so coated experiences a large vol- 
ume change as it crystallizes when barium coating is 
used as a crystallization promoter. The volume change 
creates stress at the glassy phase-crystalline phase in- 
terfaces. Such stress is relieved by micro-scale defor- 
mation in the glassy phase of the crucible. 
[001 2] Other drawbacks to barium coating include dif- 
ficulty in controlling the thickness and uniformity of bar- 
ium per unit area on the crucible surface. The drying pro- 
cedure is also prone to introduce airborne contamina- 
tion. 

[0013] Additionally, BaC0 3 is poorly soluble in water, 
but the coating can be easily removed by rinsing or wip- 
ing the inner surface with water. Normal cleaning pro- 
cedures (e.g., rinsing, etching or wiping) cannot be per- 
formed after barium coating. Crucibles must also be 
carefully stored until used. 

[0014] One of the present inventors filed Japanese 
Patent 3100836 (laid open Tokukai Hei8-2932), which 
teaches an inner layer of 0.5-1 mm in thickness and con- 
taining from 0.1-2% aluminum by weight. The inner layer 
crystallizes during the CZ process, such that inner sur- 
face dissolution is suppressed and the dimensional sta- 
bility of the crucible is improved. 
[0015] However, aluminum may dissolve into the sili- 
con melt and subsequently lodge in the silicon crystal. 
The level of aluminum contamination of the crystal can 
be successfully controlled in some cases. Nevertheless, 
there are applications wherein aluminum contamination 
is undesirable. 

SUMMARY 

[0016] The present disclosure provides a silica glass 
crucible comprising a wall with a barium-doped layer 
formed as an integral part of the crucible. The inner layer 
is doped with barium at a concentration such that the 
inner layer will rapidly crystallize upon heating. Utiliza- 
tion of a doped layer, rather than a coating on the interior 
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surface, permits the crucible to be handled and proc- 
essed without damage to the barium-doped inner layer. 
[0017] A method is disclosed for making a silica cru- 
cible having an inner layer doped so as to devitrify during 
a CZ run. The method comprises introducing into a ro- 5 
tating crucible mold bulk silica grain, consisting essen- 
tially of quartz grain, to form a bulky wall. After heating 
the interior of the mold to fuse the bulk silica grains, an 
inner silica grain, doped with barium or containing bari- 
um, is introduced into the mold. The heat also at least 
partially melts the inner silica grain, allowing it to fuse to 
the wall to form an inner layer. The crucible thus formed 
is cooled then taken out of the mold. 
[001 8] The inner layer is the layer being in contact with 
the melt during the CZ process. 
[001 9] The invention will become more readily appar- 
ent from the following detailed description, which pro- 
ceeds with reference to the drawings, in which: 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] 

FIG. 1 is a cross-sectional view of one em- 

bodiment of a silica glass crucible 
constructed according to the 
present disclosure. 

FIG. 2 is an enlarged, partial cross-section- 

al view of the wall of the silica glass 
crucible shown in FIG. 1. 

FIG. 3 is an enlarged, partial cross-section- 

al view of the wall of a second em- 
bodiment of a silica glass crucible 
constructed according to the 
present disclosure. 

FIG. 4 is an enlarged, partial cross-section- 

al view of the wall of a third embod- 
iment of a silica glass crucible con- 
structed according to the present 
disclosure. 

FIGS. 5-6 are diagrams showing a method for 

making the silica glass crucible 
shown in FIGS. 1-2. 

FIGS. 7- 8 are diagrams showing a method for 

making the second embodiment sil- 
ica glass crucible shown in FIG. 3. 

FIG. 9 is a diagram showing the initial step 

of forming an outer layer, to form the 
third embodiment silica glass cruci- 
ble of FIG. 4. 

FIGS. 1 0A-10C are plan views of a prior art crucible 
inner surface at various stages of a 
CZ run. 

FIG. 11 is an enlarged cross-sectional view 

of the portion of a crucible construct- 
ed according to the present disclo- 
sure, in which the inner layer is crys- 
tallized. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

[0021] In more detail, the present disclosure provides 
a silica glass crucible suitable for use in a CZ process. 
One embodiment of the crucible is shown in FIGS. 1-2. 
A silica glass crucible 1 has a wall 10 defining an interior 
cavity 12. The wall 10 comprises a side portion 10a and 
bottom portion. 

[0022] The side portion 10a of this embodiment com- 
prises a bulk layer 14 of pure silica and an inner layer 
1 6 formed on the inner portion of the wall. The bulk layer 
14 generally is a translucent glass layer consisting es- 
sentially of silica. The inner layer 16 is comprised of 
fused doped silica. 

[0023] The inner layer 16 in the embodiment of FIGS. 
1-2 is doped with barium in the range of 5-150 wtppm, 
and preferably 1 5-75 wtppm. Here and in throughout the 
whole specification the indicated concentration refers to 
the concentration of the Ba-cation in the quartz glass. 
Generally, in the present application the names of ele- 
ments ("barium", "aluminum", "metal") are always used 
for designating the kind of the chemical substance, not 
its oxidation state. In quartz glass "barium" usually ex- 
ists in the form of "barium oxide" (BaO) and "aluminum" 
in the form of "alumina" (Al 2 0 3 ). Consequently, the fre- 
quently used term "metal doped" stands for "doped with 
a metal ion". 

[0024] In the illustrated embodiment, the inner layer 
has a thickness in the range of 0.2 mm-1.0 mm. 
[0025] In other embodiments, a thin barium-doped 
layer (= barium ion doped layer) can be formed on a 
transition layer of synthetic silica glass or pure silica 
glass, the latter made from purified natural quartz. Such 
an embodiment is shown in an enlarged cross-sectional 
view in FIG. 3. The side portion 10a of this embodiment 
comprises a bulk layer 14, an inner layer 16, and a tran- 
sition layer 18. As in the embodiment of FIGS. 1-2, the 
bulk layer 14 is typically translucent silica glass, and the 
inner layer 16 likewise is doped with barium element (= 
barium ion element) as described below. 
[0026] The transition layer 1 8 can be non-doped silica 
glass, made from natural or synthetic silica grain. Alter- 
natively, however, various materials can be employed in 
the transition layer. For example, the transition layer can 
be a doped layer. The dopant can be an element the 
same or different than that used in the inner layer. 
[0027] In the alternative embodiment of the crucible 
shown in FIG. 4 , a doped layer is also formed on the 
outer portion of the wall 19. In one embodiment, the out- 
er layer 1 9 is approximately 0.5-2. 5mm in thickness and 
can be doped with aluminum in the range of about 
50-500 wtppm. In another embodiment, the outer layer 
is doped with aluminum in the range of about 100-500 
wtppm. Here and in throughout the whole specification 
the indicated concentration refers to the concentration 
of the Al-cation in the quartz glass 
[0028] In a representative crucible, the side portion 
10a has a thickness of approximately 10.0 mm, of which 
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the inner layer 16 comprises 0.2-1 .0 mm, the outer layer 
19 comprises 0.5-2.5 mm, and the bulk layer 14 com- 
prises the remaining 6.5-9.4 mm. 
[0029] The bottom portion can be constructed so as 
to have a similar structure to the side portion 10a of 5 
FIGS. 2-4, but is preferably formed without a doped out- 
er layer. 

[0030] It should be apparent that a crucible can be 
constructed having an inner layer 16, a transition layer 
18, a bulk layer 14, and an outer layer 19. 10 
[0031] A method is disclosed herein for making a 
doped inner layer adapted to devitrify during a CZ run. 
The method shown in FIGS. 5-6 is for making the cru- 
cible embodiment shown in FIGS. 1-2. 
[0032] To form the bulk grain layer 36, the bulk grain *5 
hopper 22a, flow regulating valve 26a and feed tube 24 
are used. In FIG. 5, bulk silica grain 30 is introduced into 
a mold 20 to form the bulk grain layer 36. The bulk silica 
grain 30 is preferably pure quartz grain. Hopper stirring 
blade 28a aids the uniform flow of grain from the hopper 20 
22a. 

[0033] A scraper 32 shaped to conform to the inner 
surface of the mold, is generally used to shape the in- 
troduced bulk silica grain. In this manner, the bulk grain 
layer 36 can be formed to a selected thickness. 25 
[0034] Fusion of formed silica grain is shown in FIG. 
6. An electrode assembly, comprising a power source 
37 and electrodes 38a,38b, is positioned partially within 
the interior cavity of the rotating mold 20. An electric arc 
is produced between electrodes 38a, 38b by supplying 30 
250-350 V and approximately 1800 A direct current. A 
region of heat 42 is thereby generated within the mold 
interior. This heat 42 serves to fuse formed bulk grain 
layer 36 in the mold. 

[0035] Fusion proceeds through the formed grain 35 
from proximal to distal, relative to electrodes 38a,38b. 
The mechanism of progressive fusion through the silica 
grain layer according to this technique is known to those 
skilled in the art, for example, as disclosed in U.S. Patent 
Nos. 4,935,046 and 4,956,208 both to Uchikawa et al. <o 
[0036] Contemporaneous with fusion of the surface of 
the formed bulk grain layer 36, inner silica grain 44 is 
poured from the inner silica grain hopper 22b through 
feed tube 40. Inner grain flow regulating valve 26b can 
be utilized to control the rate at which inner layer grain 45 
44 is introduced into the region of heat 42. Hopper stir- 
ring blade 28b also aids the homogeneity and uniform 
flow of grain from the hopper 22b. 
[0037] The arc produced between the electrodes cre- 
ates a very strong plasma field, propelling the partially so 
melted inner silica grain 44 outward, enabling it to be 
deposited on the sides and bottom of the crucible inner 
surface. The inner grain 44 passes through the heated 
region 42, is at least partially melted by the arc flame 
therein, and is deposited on the surface of the bulk layer, 55 
which is the fused bulk grain layer 36. 
[0038] The introduced inner grain 44 is fused to the 
bulk layer to form an inner layer 16. Molten inner grain 
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thereby is continuously deposited and fused over a pe- 
riod of time of inner layer formation. The inner layer 16 
thus formed is essentially transparent and bubble-free. 
The thickness of fused inner layer is controlled by the 
introduction rate of inner silica grain and by the period 
of inner grain supply during fusion. 
[0039] Inner silica grain 44 consists essentially of sil- 
ica grain, such as natural silica grain washed to remove 
contaminants, doped with barium. Alternatively, syn- 
thetic silica grain doped with barium can be used. 
[0040] In FIG. 6, the bulk layer is numbered as 36 rep- 
resenting bulk grain layer for convenience. At this stage 
in the method, of course, this layer is actually a dynamic 
combination of fused bulk layer 14 and unfused bulk 
grain layer 36. 

[0041] A method for making a crucible having both an 
inner layer and a transition layer comprises the steps 
shown in FIGS. 5 and 7-8. 

[0042] After formation of a bulk grain layer 36, the 
electrode assembly is positioned within the crucible in- 
terior cavity and a transition layer 18 is fused to the par- 
tially fused bulk layer 14, in a manner similar to deposi- 
tion of the inner layer as in FIG.6. 
[0043] Transition grain 48 is supplied from the transi- 
tion grain hopper 22c through flow controlling valve 26c. 
Hopper stirring blade 28c can be employed similarly to 
stirring blade 28a. 

[0044] After deposition of the transition layer 18, the 
hopper assembly ceases introduction of transition silica 
grain 48 by closing transition grain flow regulating valve 
26c. Inner grain 44, contained in hopper 22b, is then in- 
troduced via opening of flow regulating valve 26b. Inner 
grain 44 is introduced into the region of heat 42, is at 
least partially melted and deposited as inner layer 16 on 
transition layer 18. 

[0045] The thicknesses of transition layer 18 and in- 
ner layer 16 are controlled with the help of flow control- 
ling valves 26c,26b, respectively. In the method shown 
in FIG. 7, the transition layer 18 is a transparent layer 
prepared between the inner layer 16 (typically also 
transparent) and the translucent bulk layer 14. 
[0046] The barium-doped grain can be put on any kind 
of transparent transition layer. For example, the transi- 
tion layer 18 can be a pure silica layer, an aluminum- 
doped layer, or a layer doped with another dopant. In 
one embodiment, the barium-doped inner layer is de- 
posited on a transparent layer of synthetic silica glass 
or pure silica glass made from purified natural quartz. 
[0047] A similar method is used to construct the cru- 
cible shown in FIG. 4. An outer grain layer is first formed 
in a rotating mold 20, as shown in FIG. 9. the thickness 
of the outer grain layer is controlled using a scraper 47. 
[0048] An outer grain hopper 22d communicates via 
a feed tube 24 with the interior of the mold 20. The feed 
tube 24 can employ a valve 26d to regulate the flow of 
outer silica grain 46 from the hopper 22d to the interior 
of the mold. Outer silica grain is flowed thereby into the 
rotating mold. Rotation of the crucible mold provides suf- 
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ficient centrifugal force to retain the poured outer silica 
grain on the inner side surface of the moid as outer grain 
layer 49 

[0049] If outer layer is prepared, it is preferable that it 
be doped with aluminum rather than barium: One rea- 5 
son is that disposal of unfused doped outer silica grain 
is more convenient if the dopant is aluminum, for envi- 
ronmental concerns. 

[0050] Fusion is carried out so that unfused grain is 
preserved between the mold 20 and fused bulk layer 14 
(or outer layer 19, if present). Unfused bulk silica grain 
30 (and unfused outer grain, if present) is left on the ex- 
terior of the crucible. Thus, a rough, bubble-containing 
outermost surface results. Unfused grain is disposed of 
in subsequent processing of the crucible, typically by 
sand-blasting and rinsing with water. 
[0051] Barium is chosen as the doping element, be- 
cause a small amount of barium can crystallize the silica 
glass and if it is dissolved in the silicon melt it will not be 
transferred to the silicon crystal in large amount. 
[0052] In the embodiment of the present method thus 
described, the inner silica grain 44 contains barium via 
doping. Barium can alternatively be introduced contem- 
poraneously with essentially pure silica grain, i.e., a bar- 
ium-containing compound can be mixed with essentially 
pure inner silica grain. For example, barium carbonate 
(BaC0 3 ) can be placed in the inner grain hopper 22b. A 
mixing blade 28b can be used to ensure uniform distri- 
bution of the barium-containing compound in the inner 
silica grain. The inner silica grain and barium carbonate 
mixture then can be flowed into the region of heat as 
described above. The essentially pure silica grain can 
be either undoped natural or synthetic silica grain. 
[0053] In an alternative embodiment of the method, 
the barium-containing compound can be separately in- 
troduced into the heated region contemporaneous with 
inner silica grain introduction. A separate barium com- 
pound hopper can be provided, containing, for example, 
BaC0 3 . The valves controlling the inner grain hopper 
and the barium compound hopper can both be opened, 
so as to flow concurrently. 

[0054] Using this alternative method, in which the bar- 
ium compound is introduced concurrently with but sep- 
arate from the inner silica grain, the transition silica grain 
can also be employed as the inner silica grain. For ex- 
ample, the transition silica grain can be flowed to form 
a transition layer as described above. The transition 
hopper flow is stopped, and then both transition silica 
grain and barium compound are flowed simultaneously 
into the heated region. 

[0055] In a similar embodiment, the transition layer 
can be formed as originally described, and then the bar- 
ium compound flow can be initiated contemporaneous 
with the still-flowing transition silica grain, to form there- 
by the inner layer having a barium component therein. 
The barium compound flow rate can be variable, such 
that a barium gradient from the inner surface to the tran- 
sition layer is formed. 



[0056] In yet another example, the barium-containing 
compound can be in liquid form, e.g., an aqueous solu- 
tion of barium hydroxide (Ba(OH) 2 ) or barium chloride 
(BaCI 2 ). The liquid solution can be introduced into the 
inner silica grain 44 prior to or contemporaneous with 
introduction of the inner silica grain into the heated re- 
gion, or the liquid solution can be introduced directly into 
the heated region. The latter introduction can be accom- 
plished by an injecting or misting device. The injecting 
device generally should be positioned adjacent the end 
of the flow tube proximate the heated region. 
[0057] The inner layer in the crucible wall is doped 
with barium in the range of about 5-150 wtppm, and 
most preferably between 15-75 wtppm. The inner layer 
preferably is free of bubbles, as bubbles entrapped with- 
in the inner layer may generate fracture-inducing parti- 
cles as the layer crystallizes. Such particles can disso- 
ciate or break away from the inner surface as the bubble 
expands and as the inner surface erodes or dissolves 
into the silicon melt. Loose particles can cause loss of 
the single-crystal structure in the silicon ingot. 
[0058] The method disclosed above dopes a crucible 
inner layer with barium, rather than coating the interior 
surface of the crucible with a barium compound. This 
improved method, i.e., barium doping, has several mer- 
its over conventional coating methods. 
[0059] The present method enables the concentration 
of barium in the inner layer to be finely controlled. In one 
embodiment of the present method described above, 
the inner layer silica grain is doped with barium prior to 
its introduction into the mold and fusion. The amount of 
barium contained in the barium-doped grain can be de- 
termined in advance by analysis. The dopant level in the 
inner layer can thereby be fine-tuned, for example, by 
mixing doped silica grain and pure silica grain in the hop- 
per. 

[0060] The doped inner layer thickness can also be 
precisely controlled by changing inner silica grain flow 
rate or flow time. No loss of the barium element was ob- 
served, e.g., loss due to sublimation. Substantially all of 
the introduced dopant was found to be fixed within the 
inner layer. 

[0061] By doping with barium in the specified range 
as a crystallization promoter, the thickness of the crys- 
tallization in the layer is controlled. Only the region 
doped with barium crystallizes; regions not doped with 
barium do not crystallize during a typical CZ-process op- 
eration. This characteristic gives a crucible designer 
greater freedom to tailor the crucible to the needs of the 
process in which it will be employed. 
[0062] As the barium is fused in the silica glass, the 
crucibles can be machined to dimensions, cleaned or 
etched, and handled with the same procedures as for 
normal pure silica crucibles; no additional post-manu- 
facture processing or special handling of the crucible is 
required. 

[0063] For example, unfused grain remaining on the 
outside of a conventional crucible is cleaned by sand- 
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blasting, followed by rinsing with water. After cutting the 
crucible to specified dimensions, it is cleaned by etching 
with dilute hydrofluoric acid and rinsing with pure water. 
The crucible is dried in a clean air bath, then bagged 
and boxed for shipment. A user typically unpacks the 5 
crucible and again cleans it before use (by rinsing with 
water or wiping with alcohol or any other methods as 
commonly used for pure silica glass crucibles). A cruci- 
ble constructed according to the present disclosure can 
be handled as described above. 
[0064] It is known in the ingot manufacturing industry 
that circular patterns ("rosettes") are observed on the 
crucible surface contacting the silicon melt. This phe- 
nomenon was determined to be a rosette 52 surrounded 
by crystobalite (FIG. 10A). The center of the rosette has 
a rough surface that may be covered by a very thin 
crystobalite layer. Outside of the rosette is the original 
silica glass surface 50, which has retained its original 
smoothness. 

[0065] As CZ run time progresses, rosettes 52 grow 
and the surfaces of the rosette centers 54 become rough 
(FIG. 1 0B). Further, the rosettes 52 merge and the rough 
surface area 54 increases, with a concomitant decrease 
in the smooth virgin surface 50 (FIG. 10C). 
[0066] The present crucible suppresses the genera- 
tion of rosettes, which structures are the initial cause of 
the roughening of the inner surface. Rosette suppres- 
sion is accomplished by crystallization of the inner sur- 
face of a crucible wall prior to full melt-down of the silicon 
charge in a CZ process. 

[0067] Regarding these rosettes and concomitant 
surface roughening, the present disclosure employs 
barium doping to provide a mode for lengthening the 
useful life of a crucible suitable for use in a CZ-process. 
Generation of rosettes can be suppressed by crystalliz- 
ing the inner layer 1 6 of a crucible wall 14 (FIG. 11) prior 
to silicon charge melt-down in a CZ-process. The inner 
layer undergoes a phase transformation from fused sil- 
ica glass to crystobalite 56, so that the inner surface 62 
retains its smooth surface finish throughout. 
[0068] In this mode, the inner surface 62 of the cruci- 
ble is covered with crystobalite 56 before melt-down of 
the charged silicon. Rosettes are not formed by a reac- 
tion between the silicon melt and crystalline silica. Be- 
cause a rosette is not generated, a rough surface area 
does not appear and the inner surface remains smooth. 
[0069] Some silicon ingot manufacturers perform se- 
quential silicon crystal "pulls" using the same crucible. 
In these uses, a subset of the crucible side portion is 
alternately covered by the melt, exposed to atmosphere 
as the melt level drops, then covered again as silicon 
charge is added to begin another ingot pull. The inner 
surface of a crucible thus used is subjected to high 
stress for a longer time period, making more important 
the inner surface textural integrity. 
[0070] The barium doping level in the inner layer and 
the thickness of the inner layer has an effect on the ra- 
pidity of crystallization in the layer. Therefore, the depth 



and amount of barium doping in the inner layer is impor- 
tant to achieve a fully crystallized inner layer. 

EXAMPLES 

[0071] Five crucibles A, B, C, D and E were manufac- 
tured according to the present disclosure. As well, cru- 
cible P was constructed according to the prior art. These 
crucibles have similar dimensions, e.g., nominal diam- 
eters of 24 inches. 

[0072] Barium doping levels were varied from 10-50 
wtppm for crucibles A-E, and inner layer thickness was 
also varied from 0.2-0.8 mm. 

[0073] The inner layer 1 6 of Crucibles A-E were made 
using a barium-doped inner silica grain. Crucibles A-D 
were made according to the above-disclosed method, 
with the inner layer thicknesses and doping levels as 
follows: crucible A, 0.8mm layer at 10 wtppm; crucible 
B, 0.5mm layer at 25 wtppm; crucible C, 0.2mm layer at 
50 wtppm; and crucible D, 1.0mm layer at 50 wtppm. 
Crucible E is a comparative embodiment, made with an 
inner layer of 0.1mm layer at 50 wtppm. 
[0074] The prior art crucible P was of 24-inch diame- 
ter. A 1 .Omm-thick inner layer was formed in its interior 
using pure natural silica grain instead of barium-doped 
inner silica grain. This natural silica grain contained 
trace amounts (<0.1 wtppm) of barium and roughly 8 
wtppm aluminum. 

[0075] Crucibles A-E and P were used in a 120-hour 
CZ-process, i.e., 120 hours at the chosen high temper- 
ature including melting of the silicon charge. The results 
of these processes are described below. 
[0076] Crucibles A-E and P were subjected to a 
120-hour CZ-process, after which the inner layer was 
examined. The smooth inner surface of crucibles A-D 
were found to consist essentially of crystobalite, with no 
rosette pattern evident. The crucible inner surface pre- 
sented a smooth finish. 

[0077] The 200-mm diameter silicon crystals made 
using crucibles A-D were also assessed. Dislocations 
were not observed in the silicon ingots. 
[0078] Crucible E, in contrast, was observed to have 
spot-wise crystallization of the inner layer, with surface 
roughening occurring in the non-devitrified loci. The CZ 
run using crucible E was terminated after 95 hours, as 
the silicon crystal experienced loss of structure. It is con- 
cluded that the thickness of a barium-doped inner layer 
should be greater than 0. 1 mm for the present crucibles. 
[0079] Prior art crucible P was started in a similar 
120-hour CZ-process. However, at about 80 hours into 
the process, the nascent silicon ingot incurred a grain 
boundary flaw that disrupted its crystal structure. This 
flaw forced termination of the CZ-process and rendered 
the silicon crystal unsuitable for use in semiconductor 
manufacture. 

[0080] Examination of the inner surface of Crucible P 
revealed that it was roughened and almost totally cov- 
ered with merged rosettes, with very little of the virgin 
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glassy surface remaining. The rough texture within the 
rosette rings likely was the cause of the silicon crystal 
interference. 

[0081] A person skilled in the art will be able to prac- 
tice the present invention in view of the description 
present in this document, which is to be taken as a 
whole. Numerous details have been set forth in order to 
provide a more thorough understanding of the invention. 
In other instances, well-known features have not been 
described in detail in order not to obscure unnecessarily 
the invention. 

[0082] While the invention has been disclosed in its 
preferred form, the specific embodiments thereof as dis- 
closed and illustrated herein are not to be considered in 
a limiting sense. Indeed, it should be readily apparent 
to those skilled in the art in view of the present descrip- 
tion that the invention can be modified in numerous 
ways. The inventor regards the subject matter of the in- 
vention to include all combinations and sub-combina- 
tions of the various elements, features, functions and/or 
properties disclosed herein. 



Claims 

1 . A crucible comprising: 

a wall having a side portion and a bottom por- 
tion thereby defining an interior cavity, said wall 
comprising: a bulk layer; and an inner doped 
with barium. 

2. The crucible of claim 1 , wherein the inner layer is in 
the range of 0.2-1 .2mm deep. 

3. The crucible of claim 1 or claim 2, wherein the inner 
layer is doped with barium in the range of about 
5-150 wtppm. 

4. The crucible of claim 3, wherein the inner layer is 
doped with barium in the range of about 15-75 
wtppm. 

5. The crucible of one of the preceding claims, the wall 
further comprising a metal-doped outer layer 
formed on an outer portion of said wall. 

6. The crucible of claim 5, wherein the outer layer is 
substantially an outer layer of the side portion. 

7. The crucible of claim 5 or claim 6, wherein the outer 
layer is about 0.5 mm-2.5 mm deep. 

8. The crucible of one of the claims 5 to 7, wherein the 
outer layer is doped with aluminum in the range of 
about 100-500 wtppm. 

9. The crucible of one of the preceding claims, wherein 



said inner layer is at least partially crystallized. 

10. The crucible of one of the preceding claims, wherein 
said inner layer is adapted to substantially com- 

5 pletely crystallize prior to full melt-down of a silicon 
charge in a Czochralski process. 

1 1 . The crucible of one of the preceding claims, wherein 
the wall further comprising a transition layer formed 

10 between the inner layer and the bulk layer. 

12. The crucible of claim 1 1 , wherein the transition layer 
is free of barium doping. 

15 13. The crucible of one of the preceding claims 11 or 
12, wherein the transition layer consists essentially 
of natural silica glass. 

14. The crucible of one of the preceding claims 11 to 
20 13, wherein the transition layer consists essentially 

of synthetic silica glass. 

15. The crucible of one of the preceding claims 11 to 
14, wherein the transition layer is doped with a met- 

25 al. 

16. The crucible of claim 15, wherein the metal is alu- 
minum. 

30 17. A method for making a silica glass crucible, com- 
prising: 

forming a bulk grain layer on an interior surface 
of a rotating crucible mold, said bulk grain layer 

35 having a bottom portion, a side portion and a 

bulk grain layer interior surface; 
generating a region of heat in the interior of the 
mold, wherein the region of heat at least par- 
tially fuses said bulk grain layer to form a bulk 

40 layer; and 

depositing a barium-containing inner layer on 
the bulk grain layer interior surface. 

18. The method of claim 17, wherein forming a bulk 
45 grain layer comprises introducing into the rotating 

crucible mold bulk silica grain. 

19. The method of claim 18, wherein bulk silica grain 
consists essentially of quartz grain. 

50 

20. The method of one of the claims 17 to 19, wherein 
a selected thickness of the inner layer is in the range 
of 0.2-1 .0mm. 

55 21. The method of one of the claims 17 to 21, wherein 
depositing a barium-containing inner layer compris- 
es introducing into said mold inner silica grain 
doped with barium, wherein the region of heat at 
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least partially melts said inner silica grain and fuses 
said at least partially molten inner silica grain to the 
bulk layer. 

22. The method of claim 21, wherein the inner silica 
grain is doped with barium in the range of 5-150 
wtppm. 

23. The method of claim 21, wherein the inner silica 
grain is doped with barium in the range of 15-75 
wtppm. 

24. The method of claim 17, wherein depositing a bar- 
ium-containing inner layer comprises introducing 
into said mold inner silica grain and barium, and 
wherein the region of heat at least partially melts 
said inner silica grain and fuses said at least par- 
tially molten inner silica grain to the bulk layer. 

25. The method of claim 24, wherein the inner silica 
grain consists essentially of natural silica grain. 



34. The method of claim 33, wherein depositing a tran- 
sition layer comprises introducing into a rotating 
crucible mold transition silica grain, wherein the re- 
gion of heat at least partially melts said transition 

5 silica grain and fuses said at least partially molten 
transition silica grain to the bulk layer to form the 
transition layer. 

35. The method of claim 34, wherein the transition silica 
10 grain consists essentially of natural silica grain. 

36. The method of claim 34, wherein the transition silica 
grain consists essentially of synthetic silica grain. 

15 37. The method of claim 34, wherein the transition silica 
grain is doped with a metal. 

38. The method of claim 37, wherein the metal is alu- 
minum. 

20 



26. The method of claim 24, wherein the inner silica 
grain consists essentially of synthetic silica grain. 

25 

27. The method of claim 24, wherein the barium is a 
solid compound admixed with the inner silica grain. 

28. The method of claim 27, wherein the solid barium 
compound is admixed with the inner silica grain pri- 30 
or to introducing into said mold inner silica grain and 
barium. 



29. The method of one of the preceding claims 17 to 

28, further comprising, prior to forming a bulk grain 35 
layer: 

forming an outer grain layer on an interior sur- 
face of a rotating crucible mold, wherein the re- 
gion of heat at least partially fuses said outer 40 
grain layer to form an outer layer. 

30. The method of claim 29, wherein the outer layer is 
formed substantially on the side portion. 

45 

31. The method of claim 29 or claim 30, wherein form- 
ing an outer grain layer comprises introducing into 
the rotating crucible mold outer silica grain. 

32. The method of claim 31, wherein the outer silica 50 
grain is doped with aluminum in the range of 
100-500 wtppm. 

33. The method of one of the preceding claims 17 to 

28, further comprising, depositing a transition layer 55 
on the bulk grain layer and depositing the barium- 
containing inner layer on the transition layer. 
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